However, even in its depauperate state the avifauna of the island of Hawaii is spectacular. In the high forests of Hawaii, the observed forest-bird densities of 1500-3000 birds/km2 (Scott et al. 1986a ) represent the highest documented bird densities. One can only wonder at the nature of the avifauna prior to the waves of extinction and habitat modification that have swept over the islands. The diversity and numbers of seabirds are equally impressive. For example, on Laysan Island nearly one million seabirds of 17 species occupy virtually every available niche for nesting habitat, an incredible 224,000 birds/km2. At dawn and dusk during the nesting season, clouds of seabirds fill the skies as they arrive and depart from the colony.
In this article, we review the past and current status of Hawaii's birds in an effort to focus attention on the perturbations that have occurred in these distinctive island ecosystems. We show, through the use of modern biogeographic theory, that an appropriate management scheme can be developed to help ensure the continuation of this unique avifauna.
Seabirds
Twenty-two species of seabirds breed in the Hawaiian Islands. All but three species nest on the leeward islands; however, while 86% of the species and 48% of the populations occur on Elation at the recovery of this species was, however, premature. The 1980 population numbered only 400, and these numbers can apparently be maintained only through repeated captive releases (Scott et al. 1986b ). On Hawaii, data indicate that the best nesting and feeding areas were in lowland areas that have been modified so severely that they are no longer suitable nene habitats.6 Now, nesting wild geese are found only at upper elevations and are not reproducing successfully enough to replace those that die. Thus, the present population occupies marginal habitat. Within this marginal habitat, insufficient food and introduced predators are thought to be major reasons for poor reproduction, although genetics and behavior may also be involved (Stone et al. 1983 ). Conservationists hope that the dropbait being developed to kill predators at seabird colonies will also reduce predation at Hawaiian goose nests.
Rails
There were no fewer than 11 species of rails in the Hawaiian Islands when Recent efforts to set aside and manage wetland refuges have increased the long-term survival chances of both these species (Table 2 ). In spite of this, a large proportion of the coot population is not breeding.7 Habitat quality is a key issue, because the wetlands are primarily in lowland areas where most developments and alien species occur. Predation by mongooses and other predators continue on all the islands except Kauai and Lanai.
Although there have been several recent efforts to document the breeding biology of coots (Byrd et al. 1985) and moorhens (Byrd and Zeillemaker 1981) , far more needs to be known about habitat requirements and reproductive success if refuges are to be managed effectively. Improved methods of monitoring population trends, especially for moorhens, need to be developed. The anticoagulant dropbait under evaluation would undoubtedly aid these species, as would an expanded refuge system including Kealia Pond on Maui, Opaeula Pond on the island of Hawaii, and additional wetland habitat on the island of Oahu. In addition, full development of impoundments on existing refuges is required (e.g., Huleia Na- 
Raptors
The Hawaiian Islands support one endangered raptor, the Hawaiian hawk (Figure 7) , in addition to the widespread short-eared owl and the introduced barn owl. Several taxa of long-legged owls, one eagle, and one accipiter are known only from the subfossil record (Olson and James 1982) . While the Hawaiian hawk occurs on only a single island, it still occupies about 95% of its historical range on Hawaii; when its former range on Molokai is considered, it is still found in more than 85% of its pre-Polynesian range (Figure 8) . Its ability to feed and nest in forests of introduced species and feed on alien animals bodes well for its future (Griffin 1985 , Scott et al. 1986a ). The ground-nesting short-eared owl occurs on six islands, is vulnerable to introduced predators, and is less flexible in its habitat requirements than the Hawaiian hawk. There have been no attempts to estimate its population size on any of the islands, and much more information is needed on its reproduction and population dynamics. prehistorically, and another 8 were eliminated after Captain Cook's arrival in 1778. Despite these losses, the 20 extant species still provide the most impressive example of adaptive radiation among birds, with their bills ranging from stout seed crushers (palila) through parrot-shapes (Maui parrotbill), crossed-bills (akepa), warblerlike forceps (Maui creeper), to decurved probes (iiwi) (Figure 10 ) that, in the Kauai akialoa, span onethird the bird's overall length (see Raikow 1976 ). The stresses that have plagued the drepanidiaes for centuries continue at present, with devastating effect. Of the 20 surviving species, 6 species number fewer than 500 birds, and 3 species number 50 or fewer. The population size of the Oahu creeper is unknown, but it is very rare and probably numbers fewer than 100. Nearly half the species rely upon a single population for their survival (Table 3) Three species (apapane, iiwi, and amakihi) account numerically for approximately 95% of all the extant honeycreepers. But even within this triumvirate all is not well. The most successful drepanidine is the nectarivorous apapane, distributed over six islands, with densities in places exceeding 1600 birds/km2, and a population in excess of 1,000,000 birds on Hawaii. Yet even this successful species is reprIsented by fewer than 1000 birds on Lanai and a small, unknown number on Oahu.
Two other species (common amakihi and iiwi) number in the hundreds of thousands with a range that spans several islands. The common amakihi disappeared from Lanai in the 1970s (Hirai 1978), and three of its current 
Management of small populations
In reviewing the status of Hawaii's birds, we have focused on populations rather than species, and for the terrestrial birds we have also considered the percentage of historical range occupied (Figures 8 and 9) . Only the translocated Laysan finch occupies more than its historical range at the time of the Polynesians' arrival. Figures 8 and 9 show that only 5 of the remaining 25 species (20%) occupy more than half their historical range on all islands.
Gilpin and Soule (1986) suggest that an effective population size of 500 is the minimal viable population (MVP) necessary for long-term genetic survival of a population and an effective population size of 50 is the MVP for short-term survival (Gilpin and Soule 1986). However, more recent works (see papers in Soule 1987) use MVP couched in terms of 95% probability of a population surviving 100 or 1000 years (Shaffer 1987 ). Many of Hawaii's bird populations number less than 500. The akepa and creeper number more than 5000 but are still considered endangered because of the threat of alien species and habitat loss.
In many instances, conservationists and managers are considering a recovery goal of the MVP level. Indeed, in the case of the spotted owl (Strix occidentalis) in North America, a candidate endangered species, there has been discussion of reducing the population to the level of MVP. This strategy could ultimately prove to be a costly mistake. Managers must consider striving for sustainable population levels that have a high probability of surviving 100 generations or more. In many instances, these levels will be at least an order of magnitude greater than 500. Elimination of rats and cats and reduction of human disturbance are needed on seabird islets off the main islands as well as on the more remote leeward islands. Equally important are systematic monitoring programs to ensure that predators will be quickly discovered and eradication programs implemented.
In situ recovery efforts
Water birds. Because the original conditions for many water-bird habitats are not known, conservation efforts have concentrated on the birds themselves rather than on restoring native habitats. To produce the greatest number of endangered water birds possible, intensive management is underway in manmade or highly altered natural impoundments, containing species alien to Hawaii. The challenge in Hawaii and elsewhere is to minimize the number of other species that must be managed in this manner.
Restoring Hawaiian water birds requires additional wetlands on Maui, Hawaii, and Oahu, as well as nesting islets, predator control programs, and manipulation of water levels and food availability to increase the numbers of breeding birds. Effective habitat enhancement programs for water birds become more important as unprotected wetlands continue to diminish in extent and quality. Because of financial constraints and increasing competition for land that is already exorbitantly expensive, it is imperative that wetland managers become more aware of critical habitats and management options. species are dependent, are being seriously degraded by humans and their commensals. Many of these areas are above 1500-meter elevation, above which the threats from avian malaria and pox are presumed to be significantly less. It is these areas that provide the greatest opportunity for increasing the population sizes of many of Hawaii's endangered forest birds.
On Hawaii we envision a continuous band of forest-bird refuges, beginning in the cloud-enshrouded forests of windward Mauna Kea (Hakalau National Wildlife Refuge), then wrapping southeast around Mauna Loa through Hawaii Volcanoes National Park to the ohia-koa forests of Kau (Figure 11) . Such a system would link presently disjunct populations of akepa, creeper, and akiapolaau in Kau with those of windward Mauna Kea. If the pasturelands between 1800-and 2400-meter elevations on Mauna Kea were also reforested, the former ecotone between the dry mamane and moist koa-ohia forests would be reestablished. Widening the forest, and improving its quality by removing all ungulates and planting native trees, would be a long-term recovery effort that could double the numbers of endangered forest birds in upper Mauna Kea in an area that is well above the elevation where disease is presumed to be a major limiting factor.
On Maui, similar habitat restoration efforts are possible in the high elevation koa-ohia forests of Haleakala. Relinking the ohia-koa forests of Kuiki to those of Kahikinui, through the Kaupo Gap, and reforesting the damaged koa-ohia forests on the windward side and those above Kula would be a major step in the recovery effort for Maui's endangered forest-bird community (Figure 4 demic invertebrates and plants that will survive into the 22nd century. Protection and restoration of forests above 1500-meter elevation will increase the numbers of forest birds (Scott et al. 1983 (Scott et al. , 1986a ). It will also preserve large numbers of native plants and invertebrates that also occupy those habitats in the Hawaiian Islands. This system approach should also prevent many other taxa from declining to such low numbers that they will ultimately be considered endangered. Captive propagation of endangered species was pioneered on Hawaii with the extensive breeding and release program for the Hawaiian goose. Begun in 1950, this program has not resulted in a self-sustaining wild population of the Hawaiian goose, but it is rightfully acclaimed as having saved the species from extinction. Cross-fostering of Townsend's shearwater eggs into the nests of wedgetailed shearwaters has been attempted in order to establish lowland breeding colonies of Townsend's shearwater (Byrd et al. 1984 ). Townsend's shearwaters have returned to these experimental colonies, but none are known to have nested there. Present plans are to continue the shearwater translocation efforts using eggs, chicks, and tape-recorded calls. Captive propagation efforts on behalf of the Hawaiian goose, Hawaiian crow, and the two endangered ducks will continue, but none are underway for any other Hawaiian species.
Ex situ recovery efforts
Despite the efforts at habitat protection and improvement, it seems unlikely that the kamao, poo-uli, or ou will survive without massive captive-rearing programs. Although such programs would not guarantee their survival as self-sustaining wild populations, such efforts must be started soon if there is to be any reasonable chance of saving these species. The Kauai oo, the nukupuus on Kauai and Maui, the Molokai creeper, and the olomao are perhaps beyond the point where even captive propagation can save them.
For those species occurring on islands with small acreages above 1500-meter elevations (Kauai, Molokai, and Oahu), the prospects for successful reintroductions or augmentation of existing populations from captive flocks seem minimal. The only means of saving these species outside a zoo environment may be the development of disease-resistant strains.
Conclusions
State, federal, and private researchers are further identifying populationlimiting factors by studying surrogate species and distributional anomalies. They are investigating the importance of disease, predation, and parasites as limiting factors for the endemic birds of Hawaii. While this work goes on, conservationists should act on what is already known, while continuously monitoring numbers of selected species. Doing so will increase the survival chances of Hawaii's fragile avifauna, which is still the world's best example of adaptive radiation and an evolutionary showcase for the ornithologists of the world.
The experience in Hawaii provides a view of the future of other ecosystems if biological diversity is not successfully protected (Scott et al. 1987a ). The issue of how to allocate limited fiscal and intellectual resources among clinical and systems approaches to protecting biological diversity is perhaps in sharpest focus in Hawaii. It is only through the system approach that is presently being used in Hawaii that we have any chance of preserving Hawaii's unique avifauna for future generations.
